A seven-year-old Shih Tzu with refractory repeated pulmonary edema and syncope was presented for surgical operation. From the results of cardiovascular examinations, the dog was diagnosed as severe mitral regurgitation (ACVIM consensus class D) and mild tricuspid regurgitation. The dog first underwent surgery with mitral valve plasty; however, the results were unsatisfactory due to severe damage of the whole mitral valve. The operation was quickly changed to mitral valve replacement using a mechanical valve (19 mm). The dog survived surgery and lived for 2 years and one month after operation using long-term anticoagulant (warfarin) therapy in spite of several thrombosis-related events.
Introduction
Mitral regurgitation (MR) caused by degenerative valve disease is quite common in small breed dogs [1] . There are two methods of surgical operation for MR [2, 3] : mitral valvuloplasty (MVP) which is the repair of the valve itself and mitral valve replacement (MVR) which entails an exchange with an artificial valve, either mechanical or bioprosthetic. Although MVR using a mechanical heart valve is excellent in its durability, it needs to be maintained with lifetime anticoagulant therapy because of the foreign body response. In contrast, although MVR using a bioprosthetic valve does not require long-term anticoagulant therapy, it is less durable [2, 3] .
There are a few clinical case reports of MVR using a mechanical valve [4] [5] [6] , and there are some clinical [7, 8] and experimental [9] reports of MVR using a bioprosthetic valve in medium-size or large breed dogs. However, there is only one clinical case report of MVR using a mechanical valve in a small breed dog and of the postoperative long-term result of anticoagulant therapy in such dogs [6] .
This report presents the first successful case of MVR using a mechanical valve in a small breed dog, which survived 2 years and one month after operation using longterm anticoagulant (warfarin) therapy in spite of several thrombosis-related events.
Case Presentation
The dog was a male Shih Tzu, 7 years old, weighing 5.3 kg. It was diagnosed with MR and treatment had begun 1 year 3 months earlier. Dyspnea occurred 2 months before the first visit and then recently recurred every few days. Syncope occurred 1 month and 8 days before the first visit. Although the dog's prognosis was considered to be very poor, he was presented to our hospital for surgery at the owner's strong wish. On physical examination, auscultation revealed Levine 3-4/6 systolic murmur (SM) at the apex, 2/6 SM at Open Heart Assist Method. This entails surface-cooling hypothermia (sHT) combined with low-flow cardiopulmonary bypass (CPB) [10] . In this case, the lowest esophageal temperature (ET) was 20.1 ∘ C, the aortic cross-clamp (ACC) time was 79 minutes, the lowest pump flow was 60 mL/kg/minute, and the recorded CPB time was 2 hours and 53 minutes. Anesthesia: the dog was administered acepromazine (0.05 mg/kg SC), atropine (0.025 mg/kg SC), and hydroxyzine (1 mg/kg SC) at 30 minutes and 15 minutes before induction, respectively. Anesthesia was induced with thiamylal (12.5 mg/kg IV) and maintained with inhalation of isoflurane in oxygen and intermittent administration of pancuronium (0.06 mg/kg IV). After administration of heparin (400 IU/kg IV), a 12 Fr venous cannula was inserted from the left jugular vein into the right atrium. A 2.0 mm diameter metal arterial cannula was then inserted through the left carotid artery toward the heart and connected with the CPB circuit (NAPS III and Mera S-circuit, Senko Ika Kogyo). Deep hypothermia was slowly induced by surface-cooling with ice bags. At ET 30 ∘ C, the left 5th intercostal space was opened and the surgical field was distended by cutting the costal cartilage of the 6th rib. The pericardium was opened by cutting parallel under the left phrenic nerve and sutured to the chest wall to create a pericardial cradle. An aortic root cannula for cardioplegia was inserted in the aortic root. A two-stage (18-24 F) venous tube was additionally inserted from the right appendage into the posterior vena cava and connected with CPB. At ET 25 ∘ C, CPB was started. After both the ascending aorta and main pulmonary artery were crossclamped together, cold (4 ∘ C) cardioplegia solution (10/mL/kg St Thomas II solution) was immediately injected antegrade through an aortic root cannula. The left atrium was cut transversely above the coronary groove. The whole mitral valve was hypertrophied with mucous degeneration, and many portions of the anterior and posterior leaflets prolapsed widely like a yacht sail, and one chorda of the posterior leaflet ruptured near the posterior commissure.
Surgical Method. At first, MVP was performed. The prolapsed anterior leaflet and ruptured posterior leaflet were sutured with the triangular plication (McGoon) method [11] and the posterior commissural valve ring was sutured with the mattress (JH Kay) method [12] , as we reported previously [13] . However, the leak test showed a great volume of regurgitation. Therefore, the MVR method was performed instead of MVP. After the whole mitral valve with chordae tendineae was cut off leaving the base of the valve annulus, a 19 mm diameter Bjork-Shiley oblique valve for aortic valve was attached there conversely with three 5-0 prolines and the continuous suture method (Figure 2(a) ). After the left atrium was closed and intracardiac air removed completely, the aortic cross-clamp (ACC) was removed. Immediately, a spontaneous beat occurred from ventricular fibrillation with one DC shock. The patient was weaned from CPB 40 minutes after removing the ACC, and also from controlled ventilation 15 hours after operation.
Postoperative Course. Anticoagulant therapy using warfarin was started on the second day after surgery. Appetite and vigor recovered on the 4th day after operation, and the patient was discharged 12 days after surgery. Since then, warfarin therapy was controlled by the attending doctor. On 3.5-month postoperative chest X-ray examination, VHS decreased from preoperative 12.0 v to 10.1 v (Figure 1(b) ). The echocardiogram revealed disappearance of MR, reduced LVIDd from preoperative 49.5 mm to 32.6 mm, and slightly persisting TR.
Case Reports in Veterinary Medicine After discharge from our hospital, warfarin was administered at 0.25-0.55 mg/kg/day (almost 0.35 mg/kg/day) by the attending doctor. Six events associated with the artificial valve reported by the attending doctor and owner were a swelling of the right leg and bleeding from the nail root 3.5 months after operation, mild paralysis of the left leg 8 months after operation, and mild seizure at 1 year, 1 year 9 months, and 2 years after operation, nearly all of which seemed to be associated with blood clot formation except for bleeding from the nail root. Two years after operation, prosthetic valve dysfunction due to thrombus was suspected because the opening and closing sounds of the artificial valve became suddenly inaudible. After warfarin administration was increased, the opening and closing sounds of the artificial valve were again auscultated. One month after the event, however, the dog had an abrupt onset of severe coughing and dyspnea during the night, although he acted normally during daytime. On auscultation, sounds of the artificial valve were not audible, but severe lung rales were heard in both lung fields. The dog was finally euthanized because of symptomatic worsening as time advanced, despite various rescue treatments (Figure 3) .
Autopsy Findings. The artificial valve was covered with a large amount of thrombi (Figure 2(b) ). Trachea was filled with a large amount of pink bubbly fluid.
Discussion
In human [2, 3] and veterinary medicine [13] [14] [15] [16] [17] , MVP is currently preferred over MVR for providing good QOL. However, it is difficult to completely repair severely damaged valves with MVP in a terminal stage case. In human medicine, there are many reports related to MVR [2, 3] . However, in veterinary literature, to our knowledge, there are only three reports of MVR using a mechanical valve in clinical cases which were operated in medium-size to large breed dog [4] [5] [6] . There is only one reported case of surgery with MVR using a mechanical valve (19 mm) in a small dog (4.3 kg) [6] , but the dog died during surgery due to oversized valve prosthesis. In our small dog (5.3 kg), we first attempted to use MVP [13] (McGoon [11] combined with the JH Kay [12] method), but the results were unsatisfactory due to severe damage of the entire mitral valve. Therefore, we quickly switched from MVP to MVR with a mechanical valve (19 mm diameter for aortic valve; the smallest available valve prosthesis). The dog survived surgery and after discharge remained alive for 2 years. In this case, sHT was combined with CPB. Deep sHT can be easily performed in a small dog, and CPB can assist the systemic circulation during ACC and rewarming using a heat-exchanger. CPB using peripheral vessels improves cardiac access in small dogs, although HT is needed because of low-flow CPB due to decreased venous return volume. A combination of deep sHT with low-flow CPB enhances the benefits and minimizes the disadvantages of both techniques in small dogs [10] .
Regarding postoperative anticoagulant therapy, there is only one report [6] from 3 clinical reports [4] [5] [6] of MVR using a mechanical valve in dogs. Orton and colleagues [6] reported administration of warfarin at the same dosage in 6 dogs as in the guideline for humans; but all died of thrombosis-related causes, 5 dogs within one year and 1 dog at 5.25 years (median survival after surgery: 4.5 months). The same warfarin dosage as used in the guideline for humans is recommended to maintain the prothrombin time-based INR of 2.5-3.5 [2, 3, 18] . According to an experimental study using Hall-Haster mitral valves [19] , warfarin dosage of a thrombotest aimed at 20-25% normal coagulation activity was ineffective in preventing thrombosis, and a more intensive antithrombotic prophylaxis was required.
In the case under study, the warfarin dosage was 0.25-0.55 mg/kg/day, but mainly 0.35 mg/kg/day was administered. However, 6 thrombosis-related events occurred in spite Figure 3 : Changes of prothrombin time (PT) and dosage of warfarin administered after operation.
* 1 swelling of the right leg and bleeding from the nail root (95 days after operation).
* 2 mild paralysis of left leg and mild seizure (226 days after operation). * 3 mild seizure (229, 348, 370, 585 days after operation).
* 4 prosthetic valve dysfunction due to thrombus (733 days after operation).
of prothrombin time (PT) 7.5-24 sec or <24 sec, except for swelling of the right leg and bleeding from the nail root 3.5 months after operation; the PT underwent great changes in spite of the same warfarin dosage. Unfortunately, the dog died of prosthetic valve thrombosis 2 years and one month after operation. From our experience with this case, it seemed that oral administration of warfarin only was not suitable for controlling the prothrombin time in a dog, unlike in a human. Klement and colleagues [20] reported MVR using the same Bjork-Shiley Monostat valve in large experimental dogs for which anticoagulation was started 48 hours postoperatively by giving warfarin and adjusted on a daily basis to maintain the prothrombin time at 1.5 to 2 times the preoperative value. However, wide variations of prothrombin time were controlled by adding aspirin and dipyridamole to warfarin. Unfortunately, a follow-up survey was not conducted until 3 weeks after operation. Still another problem with dogs is that the normal prothrombin time varies widely (6-10 sec [21] , 9-14 sec [22] , and 14-18 sec [23] ) at each facility. Thus, each facility should have its own prothrombin time or use the prothrombin time-based INR. Recently, new anticoagulant drugs (Purazakisa, Izagureru, Erikyusu) have become available, and in the future, their effects are expected to serve well in the anticoagulant therapy for MVR in dogs.
Conclusions
We experienced the first successful case of MVR using a mechanical valve in a small breed dog, which survived 2 years and one month after operation using long-term anticoagulant (warfarin) therapy in spite of several thrombosis-related events. Anticoagulant therapy using only warfarin makes it very difficult to control PT for MVR in dog.
